Hydrolyses of carboxamides, such as N-acylimidazoles, have been extensively studied in the aspect of similar role of histidine in enzyme reaction.
1 Most of them mainly investigated the structure-reactivity relationship and reaction mechanism. These results gave a lot of contribution to information on the reactivity of amides and the model of enzyme reaction. However, hydrolysis of sulfinamides is not studied extensively due to the low reactivity. In previous work, acid catalyzed hydrolysis of primary sulfinamides was reported by the authors. 2 Herein, acid catalyzed hydrolysis of sulfinamides involving electrondonating substituent in the aniline leaving group exhibited downward breaks for variation of the pH values. The results provided the first unequivocal evidence that nucleophilic substitution reaction at the sulfinyl sulfur may proceed through a two-step mechanism involving a hypervalent reaction intermediate.
In the present work, acid catalyzed hydrolyses of study, N-benzenesulfinyl benzimidazole (1a) and N-benzoyl benzimidazole (1b) are studied kinetically to gain further information on the hydrolysis mechanism of secondary sulfinamide and carboxamide.
Experimental Section
Materials. All materials used for synthesis of the substrates were purchased from Aldrich or Tokyo Kasei. All organic solvents were purified by the well known method. 3 Deionized water were distilled using a Streem III Glass Still and kept under a nitrogen atmosphere. Buffer materials for kinetic studies were analytical reagent grade.
The substrates, 1a and 1b, were prepared by addition of benzenesulfinyl chloride and benzoyl chloride, respectively, to benzimidazole as previously described. 4 Benzenesulfinyl chloride was obtained by purging chlorine gas to reaction mixtures of 0.1 mol diphenyl disulfide and 0. 
Results and Discussion
Acid hydrolyses of 1a and 1b were carried out under pseudo first-order conditions with the concentration of buffer in a large excess relative to the substrate. The pseudo first-order rate constant (kobsd) was obtained from 89532K Kinetic Software (serial No. 325 G00380) of the Hewlett Packard company which was based on the slope value of the plot of ln(AO-At) vs. time.
The observed rate constants (kobsd) for the hydronium ion (H3O + ) catalyzed reaction of the substrates, 1a and 1b, are proportional to H3O + concentration in the pH range 2.0 -5.3 and show constant value below pH 2.0. Therefore, the observed rate constanst (k obsd ) is given by equation (1). 
Notes
In eq. (1), k1 stands for the first-oder rate constant for the water reaction of the conjugate acid (SH + ) of the neutral substrate (S), and kH is the second order rate constant for the H3O + catalysis. The rate constants for the hydrolyses of the substrates, 1a and 1b, are summerized in Table 1 , and the plots of log k obs against pH are shown in Figure 1 .
The kH value for the H3O + catalyzed reaction of the sulfinamide (1a) is only slightly larger than that of the carboxamide (1b). This difference could be in part reflected the relatively high pKa of the conjugate acid of the 1a compared to that of 1b. One can see the bent portion at low pH in Figure 1 . This indicates that the pKa values of the conjugate acids of the substrate, 1a and 1b, are around this pH region. We can estimate that the apparent pKa values of the substrates, 1a and 1b, are 2.1 for 1a and 2.0 for 1b respectively, by drawing a pH rate profile. Thus, the kH value of the substrate 1a is relatively larger than those of 1b, since kH = k1/Ka and the k1 values are similar for the substrates, 1a and 1b, as shown in Table 1 .
As one can see in Figure 1 , acid hydrolyses of the substrates, 1a and 1b, similarly take place in the whole pH ranges. The pH rate profiles for the two substrates, 1a and 1b, show a straight line with a slope of -1.0, but appear a break around pH 4.5.
This result may be accommodated by the mechanism involving the intermediate, i.e., a changeover of the rate determining step occurs around pH 4.5.
The rate determining step at the low pH should be the formation of the intermediate(II) in Scheme 1, because the protonation at the N-3 atom in the leaving group is more difficult than that at the sulfinyl oxygen atom. While, with increasing pH, the contribution from the neutral intermediate(I) becomes greater because of more favorable protonation at the sulfinyl oxygen atom. Then the decay of the intermediate should be the rate determining step. This suggestion implies that the protonation at the sulfinyl oxygen atom should be more favorable than that at the N-3 atom of N-benzenesulfinyl benzimidazole, which is in accord with our observation of the 18 O-leveled structure in the hydrolyses of benzenesulfinamide derivatives. 2 Likewise, the mechanism for acid hydrolysis of N-benzoyl benzimidazole should be similar to the one proposed in acid hydrolysis of sulfinamide, i.e., acid hydrolysis of carboxamide should proceed through a terahedral intermediate.
We have investigated the buffer effect on the hydrolysis of the substrates, 1a and 1b, in acetate buffer solutions. The observed first-order rate constants (kobsd) in Table 2 show downward concave curve with increasing buffer concentration (Figure 2 ). This result can be taken as evidence for the existence of an intermediate during the hydrolysis. Hence, it could be reasonable that acid and alkaline hydrolyses of the substrates, 1a and 1b, proceed through the intermediate. Similar result has been observed for the hydrolysis of 4-hydroxybutyranilide in the phosphate buffer solution. 5 However, we could not observed downward concave curve for buffer effect in the hydrolysis of N-benzenesulfinyl-4-nitrobenzimidzole and N-benzoyl-4-nitrobenzimidzole. 6 We have determined activation parameters, ∆H ‡ and ∆S ‡ , for the substrates, 1a and 1b, and are listed in Table 1 . Large negative ∆S ‡ values and small positive ∆H ‡ values are nearly the same tendency as those obtained for the hydrolysis of carboxamides. 7 Thus, this result supports that the reaction proceeds through a typical bimolecular reaction. 8 In conclusion, (i) Acid hydrolysis reaction of sulfinamide and carboxamide takes place similarly and through an intermediate.
(ii) A break of pH rate profile and the downward concave curve in buffer effect can be taken as definitive evidence for the existence of an intermediate.
